Introduction
Vitamin A deficiency (VAD) 11 continues to be a public health concern in developing countries among children and women of childbearing age (1) and is estimated to account for >600,000 deaths each year globally among children <5 y of age (2) . It is associated with increased risk of mortality and severity of diarrhea among children (3), blindness due to xerophthalmia (4), anemia (5) , and night blindness among pregnant women (6) . Although large-scale programs are not yet in place, biofortification of staple foods with provitamin A through conventional breeding is projected to be a cost-effective strategy to reduce VAD in at-risk rural populations (7) .
In Africa, the estimated prevalence of VAD (serum retinol <0.70 mmol/L) is 42% among children 6-59 mo of age and 14% among pregnant women (1) . Uganda is among the African countries reported to be at high risk (1) , with the prevalence of VAD among children and women at 28% and 23%, respectively, in 2000-2001 (8) .
In Uganda, high-dose vitamin A capsule distribution and fortification of vegetable oil and fats have been implemented to address VAD. The 2008 coverage rates for vitamin A supple-mentation were 67%, indicating one-third of children did not receive at least one high-dose capsule in the last year (9) . For some individuals, even 2 vitamin A capsules per year may not be enough to maintain adequate vitamin A stores between doses (10). The impact of vitamin A-fortified vegetable oil on vitamin A status has not, to our knowledge, been assessed in this population. A recent simulation of dietary intake data from Uganda indicated that even if all vegetable oil consumed was fortified with vitamin A to current levels, it would reduce, but not eliminate, inadequate vitamin A intake in the population (11) .
Sweet potato is a major staple food in some countries, including Uganda (12) , but current varieties are white or pale yellow and contain no or relatively little provitamin A carotenoids (13) . In contrast, orange-fleshed varieties of sweet potato (OSP) can contain large amounts of b-carotene. Consumption of OSP has been shown to improve vitamin A status in controlled efficacy trials (14) (15) (16) . A small-scale effectiveness study that introduced OSP for home production and consumption in Mozambique also reported decreased prevalence of VAD among children (17) . Despite this compelling evidence, research and experience are still required to determine the effectiveness of this type of intervention when implemented on a large scale. Further, applied research is required to evaluate the intensity of intervention necessary to successfully introduce a new crop such as OSP and ultimately to assess the cost-effectiveness of delivery strategies.
We undertook a randomized, controlled, cluster-design effectiveness study of the impact of introducing b-carotene-rich OSP to rural farm households in Central and Eastern Uganda on the adequacy of vitamin A intake and status among children and women. We also hypothesized that an intervention providing extension services in the form of complementary agricultural and nutrition trainings over a 2-y period would have a greater impact than an intervention with only 1 y of extension and training support. Therefore, an additional objective was to compare the effectiveness of 2 intervention models, which differed in the duration of direct community contact.
Participants and Methods
Intervention implementation design. A 2-y intervention to introduce household-level cultivation of OSP was implemented in 2007-2009 in 3 districts of Eastern and Central Uganda (Mukono, Bukedea, and Kamuli) selected for the relative importance of sweet potato production and consumption. This was a large-scale intervention, reaching >10,000 households from 381 farmer groups, designed to learn lessons about how best to scale-up. The unit of intervention was the existing communitybased farmer groups that included 25-30 members from 1-2 villages. Two-thirds of the farmer group members were women. Local, nongovernmental organizations (Volunteer Efforts for Development Concerns and Farming for Food and Development Program-Eastern Uganda) implemented the intervention, while project implementation staff provided overall coordination.
The 3 intervention components, agriculture, demand creation/behavior change, and marketing, were delivered through training with farmer group household members as well as through broader, area-wide activities and promotions. The agricultural component supported the distribution of 20 kg free OSP vines per household as planting material and provided farmer groups training on improved production practices, such as avoidance of pests and diseases and vine conservation. The demand creation/behavior change component included education on child and maternal health and nutrition topics targeted to women in the participating farmer group households and a broader campaign for the general public to raise awareness of the benefits of OSP as a source of vitamin A through community drama, field day events, and radio spots and programs. The marketing component included provision of information on market opportunities at the farmer group level as well as an area-wide recruitment and training of local OSP traders, urban and rural market development for the sale of OSP, and the establishment of distinct market stalls selling and providing information on OSP.
To implement the study, a pyramidal structure of extension was used whereby, in year 1, a group of project-employed extensionists (n = 11) trained and then assisted community-level volunteer promoters (n = 282 pairs of agriculture/marketing promoters and behavior change promoters). Each pair of promoters trained members of one farmer group, thus reaching 7500 members in year 1.
Two intervention models were used: an intensive program (IP) and a reduced program (RP), which differed primarily in duration of exposure to farmer group-level inputs (Supplemental Table 1 ). Both programs provided the same intervention inputs during year 1. In year 2, the farmer group-level training sessions in agriculture and marketing opportunities and education sessions in nutrition and health continued only in the IP groups, while the area wide-level marketing and demand creation/behavior change inputs continued in both IP and RP. Assignment to IP, RP, or control was done at the farmer group level. Potential exposure to area-wide activities, such as radio programs and access to any local OSP market stalls, did not differ.
Effectiveness study design. The interventionsÕ impact on nutritional outcomes was evaluated by a separate research team using a cluster randomized, controlled, effectiveness study design, with stratification at the district level and farmer groups serving as sample clusters (Supplemental Fig. 1 ). A sample of 84 farmer groups was selected for the study prior to the intervention. Farmer groups were randomly assigned to the IP, RP, or control groups within district strata. To minimize contamination, farmer groups <5 km apart were grouped into a single cluster and then one farmer group was randomly selected from such clusters for inclusion in the study. In some cases, membership in farmer groups was augmented to ensure the number of members with children <6 y of age met sample size requirements. The nutrition impact study included an assessment of dietary intakes at baseline and after 2 y of the intervention in all 3 study groups, and of vitamin A status in the IP and control groups only. In each survey round, data collection occurred during the sweet potato harvest season. The primary outcomes were changes in OSP intake and vitamin A intake and change in serum retinol among participants with serum retinol <1.05 mmol/L at baseline. This study was approved by the ethical review boards of the Makerere University Medical School, the Uganda National Council of Science and Technology, and the International Food Policy Research Institute.
Participants. Three age groups were included: children 6-35 mo of age, children 3-5 y of age, and women. Household samples were drawn from among all households in the sampled farmer group with at least one child aged 3-5 y; if more than one child in that age range was present in the household, then one was selected at random for inclusion in the study. The mother of this child, if available, or otherwise the childÕs primary female caregiver was selected for inclusion in the sample of women in the study. Children 3-5 y of age and women were followed longitudinally whenever possible. However, a limited number of children and women not interviewed at baseline, but who were eligible, were added to the sample at follow-up. Two cross-sectional groups of children 6-35 mo of age were surveyed at baseline and follow-up. The latter were included to assess the impact of the intervention on young child feeding. Children 6-35 mo of age were included in the dietary assessment component only and recruited from the same households as the 3-to 5-y-old children or from other farmer group households as needed to meet sample size requirements. Informed consent was obtained from the childrenÕs caregivers.
Dietary intake assessment. The interactive, 24-h recall method was used to obtain detailed information on food intakes (18) . Interviewers were carefully trained and closely supervised throughout data collection. Prior to the dietary recall interview, female caregivers were trained on the purpose and methods of the interview. The interview was conducted in the household using visual aids to assist in estimating portion sizes of foods consumed. Data collection forms were reviewed daily by a team leader, aberrancies were clarified, and the field supervisor reviewed dietary records and assured standardization of procedures across field teams. Energy and nutrient intakes were computed from a food composition table compiled for this project (19) , consisting of published values primarily from the USDA (20) . The analysis accounted for nutrient losses during cooking for all cooked food items.
One day of dietary intake data was obtained for all individuals, and a second day of data was obtained on a nonconsecutive day for a randomly selected subset of individuals to enable estimation of within-person variability (21) . The distribution of usual vitamin A intakes was determined after adjusting intakes for within-person variability using the Iowa State University method (22) and PC-SIDE (version 1.0, Iowa State University). The Best Linear Unbiased Predictors (23) were derived and used to make group comparisons of usual vitamin A intakes (21) . The prevalence of inadequate vitamin A intakes was approximated using the Estimated Average Requirement (EAR) cut-point method (21) , applying EAR of 210, 275, 500, and 900 mg retinol activity equivalent (RAE) for children 1-3 and 4-8 y old, nonpregnant/nonlactating women, and lactating women, respectively (24) . Data were examined for implausibly high intakes and these were removed as necessary for this analysis. For these estimates, infants <12 mo of age and those still breastfed were excluded, because EAR were not available. Data for pregnant women were combined with nonpregnant/nonlactating women. To facilitate the presentation of the prevalence of inadequate intakes, usual intakes for lactating women were rescaled to the daily intakes of the nonlactating women using a factor proportionate to the difference in EAR (i.e., 900/ 500 mg RAE); a similar method was used for the children 3-5 y at baseline, because they straddled 2 EAR age groups.
b-Carotene content of OSP. Four different OSP varieties were released in the intervention. Ejumula, Kakamega (SPK004), Vita (SPK004/6), and Kabode (SPK004/6/6) contained 9062, 4071, 9655, and 7460 mg b-carotene/100 g raw, fresh weight, respectively (25) . Retention of b-carotene after cooking was accounted for (25) . The proportion of each OSP variety grown varied by district. Therefore, to determine vitamin A intakes from OSP, we calculated a district-specific mean content by combining the all-trans-b-carotene content of each OSP variety with district-level data on total area planted by variety (hectare) at follow-up and controlled data on yields (kg/hectare) by variety. The b-carotene and vitamin A contents of fresh, raw OSP applied to dietary intake data from Kamuli, Bukedea, and Mukono districts were 7.33, 6.43, and 7.91 mg b-carotene/100 g, respectively, and 611, 536, and 659 mg vitamin A RAE/100 g (assuming 12:1 retinol equivalency), respectively.
Blood collection. Venous blood samples were collected from children 3-5 y at baseline and women by trained phlebotomists following standard sterile procedures. Blood tubes were immediately wrapped in aluminum foil to protect them from light, stored in a cooler box under refrigerated temperatures, and transported daily to a district-level facility, where serum was separated by centrifugation (2000-3000 3 g for 10-15 min) and stored in cryotubes under liquid nitrogen. Samples were transported weekly to Kampala for storage. Cryotubes designated for retinol analysis were air-shipped under dry ice to Craft Technologies.
Biochemical analyses. AGP and CRP concentrations were determined in the Biochemistry Department of Makerere University by commercial Radial Immuno Diffusion assay kits following the manufacturerÕs protocol (Kent Laboratories). The diameters of precipitin rings were read using a digital RID plate reader (The Binding Site). Inter-run CV for AGP and CRP determinations were 2.1-8.5% and 9.1-23.1%, respectively. Serum AGP $1.0 g/L and CRP $5.0 mg/L were taken to indicate presence of infection (26) .
The serum retinol concentration was determined by normal-phase HPLC (27) . Standards for retinol were prepared and checked daily. Internal serum controls calibrated against a standard reference material (NIST SRM 968c) were used for quality assurance. The inter-run CV of the internal controls was 2.5-5.3% (n = 250 analyses over 16 runs). A pooled control sample prepared in Uganda at follow-up had an inter-run CV of 8.4% (n = 43 analyses over 8 runs). During shipment of baseline serum samples, some cryotubes (i.e., children 3-5 y at baseline, 22% and women, 3%) were exposed to thawing, which was likely short term, because other samples arrived frozen or semi-frozen. We used regression analysis to verify the quality of samples for children; after controlling for district, sex, elevated CRP and AGP, and AGP 3 CRP, sample state on arrival was not found to be a significant factor among children (coefficient = 0.005; P = 0.92) and all baseline samples were maintained. Due to the small number of the womenÕs samples affected and the smaller number of those with baseline retinol <1.05 mmol/L (n = 95), the thawed samples were retained and final models were estimated with and without controlling for thawing at baseline. Baseline serum retinol was adjusted for 3 stages of infection based on elevated CRP and/or AGP (26) .
Anthropometry. Trained anthropometrists measured body weight (60.1 kg) of children in light clothing using electronic scales (SECA mother and child scales). Height or length (children <24 mo of age) was measured in duplicate using wooden measuring boards (Shorr Productions). Height-or length-for-age and weight-for-age Z-scores were calculated using WHO reference standards (28) .
Sample size. For serum retinol, a similar study observed a mean (SD) change of 0.075 (0.17) mmol/L (17) and the intra-cluster correlation coefficient for serum retinol among children 6-59 mo of age from Central and Eastern Uganda was 0.043 (8). To minimize sample size, the impact assessment was restricted to those with infection-adjusted serum retinol <1.05 mmol/L at baseline, a level below which vitamin A status is likely to improve with increased vitamin A intake (29) , and thus the likelihood of observing an impact on vitamin A status would be greater in this subset than in the whole sample. Using these data, a change of 0.044 mmol/L could be detected with 80% power and 5% level of significance with 432 children from 36 farmer groups in each of the IP and control groups. The same sample size was used for women.
For the dietary component, the SD of the change in vitamin A intake in a previous study was 400 mg RAE/d and the intra-cluster correlation coefficient was 0.218 (17) . A sample of 6 children 3-5 y of age from households in the 36 farmer groups each in IP and control groups could identify a net change in vitamin A intake of 228 mg RAE/d, an amount considered biologically meaningful and representing >100% of the EAR. For cost reasons, sample size was reduced for RP households; 12 farmer groups with 12 households/group would allow us to identify a net change of 346 mg RAE/d. For the subsample of children aged 6-35 mo, sampling 3 younger children in each IP and control farmer group and 6 children in each RP farmer group would be sufficient to identify impacts of at least 277 and 408 mg RAE/d, respectively. Data management and analyses. All data were entered using CSPro (Serpro) in duplicate by trained staff and corrected after identification of inconsistent results. Dietary data were captured using CSDietary, a CSPro-based software. Analyses were carried out using the complex survey module in Stata (StataCorp). Baseline differences among groups were tested by the Adjusted Wald test. Results were analyzed as intentto-treat models. Treatment effects were estimated using difference-indifference models, equivalent to Ordinary Least Squares, that determine the change in group mean outcomes from baseline to follow-up and calculate the difference in that change between 2 comparison groups. Although not deemed necessary for difference-in-difference analyses, mixed models controlling for individual random effects were also estimated to control for correlation in observations for children 3-5 y at baseline and women who appeared in both rounds; any differences in results between models are noted. The difference-in-difference results of these models are forthwith referred to as net change. Data are presented as means or percentages (SE), with SE adjusted for clustering and stratification at the district level. Although not all primary outcome variables were normally distributed, impact analyses compared group means. Impact was also tested using Box-Cox-transformed data (30) , but because results did not differ, nontransformed data were presented for ease of interpretation. The impact on vitamin A status was determined, with and without covariates, for serum retinol concentration and prevalence of retinol <1.05 or <0.70 mmol/L among participants with
Results
The characteristics of children and women among study groups did not significantly differ at baseline ( Table 1) . For the longitudinal sample, the rate of attrition was 12% among women and 13% among children 3-5 y of age at baseline. For the follow-up survey, this was compensated by admitting additional eligible women and children equivalent to 15 and 2%, respectively, of the baseline sample size.
OSP intakes. At baseline, there was no significant difference in intake of total sweet potato (not shown) or OSP among study groups ( Table 2) . At follow-up, there was a significant net increase in the intake of OSP in the IP and RP groups relative to the control among all 3 age groups, but change in OSP intakes did not significantly differ between the IP and RP groups. At follow-up, the proportion of all sweet potato consumed as OSP across age groups was $38% in the IP group and $31% in the RP group, whereas in the control group, this remained at #4%. Total intake of sweet potato did not significantly change in the IP and RP groups, whereas the net change in intake of white and yellow varieties tended to be negative. In the IP and RP groups, intake of OSP was reported for 23-33% of children on the recall day.
Vitamin A intakes and sources. At baseline, vitamin A intakes (mg RAE/d) did not differ among study groups, except for adjusted intakes among women, where intakes were higher in the control group than in the IP or RP groups (P < 0.05) ( Table  3) . Impact estimates indicated a significant net increase in total, unadjusted vitamin A intakes among children 3-5 y at baseline and women in both the IP and RP groups and among children 6-35 mo in the RP group only. For the adjusted vitamin A intake distribution, a significant net positive change was observed for the IP and RP group among children 3-5 y at baseline, women, and the subset of non-breastfed children $12-35 mo of age. With the exception of adjusted vitamin A intakes among children 3-5 y at baseline, vitamin A intakes did not significantly differ between the IP and RP groups. When a mixed model analysis was used, net-adjusted vitamin A intake also differed between the IP and RP groups among women (P < 0.05). The net increases in total vitamin A intake were due to an increased b-carotene intake and vitamin A-source OSP and not to a difference in the intake of retinol or non-OSP sources (Table 3) . Large and significant net decreases were observed in the prevalence of inadequate vitamin A intake among 12-to 35-mo-old children and women in both the IP and RP groups (P < 0.05) but not among children 3-5 y at baseline (Fig. 1) . At baseline, OSP accounted for only 2-6% of total vitamin A intakes across age groups. Other sources of vitamin A at baseline were yellow sweet potato (23-40%), vegetables (25-34%), vegetable oils (9-12%), meats and fish (7-13%), dairy and eggs (3-9%), and fruits (3-5%). However, at follow-up, OSP contributed 44-60% of total vitamin A intakes in the IP and RP groups and 5-11% in the control group.
Vitamin A status and infection. Based on the presence of elevated serum CRP and/or AGP, 79% of children 3-5 y a baseline and 41% of women were in some stage of infection at the time of blood sampling (Supplemental Table 2 ) and this did not differ between the IP and control groups at baseline or follow-up.
The retinol concentration and prevalence of low serum retinol did not differ between the IP and control groups at baseline (Table  1) . Applying the correction factors for infection resulted in at least a one-third reduction in the prevalence of retinol <0.70 mmol/L among children 3-5 y at baseline (Supplemental Table 2 ). For women, the prevalence of retinol <0.70 mmol/L was low (#2%) even before correcting for infection.
Impact on vitamin A status. As per the study design, the impact on serum retinol was evaluated only among children and women in the control and IP groups with infection-adjusted serum retinol <1.05 mmol/L at baseline ( Table 4) . For children 3-5 y at baseline, the impact analysis is presented for 2 models. First, among the sample of children with complete data for serum retinol, AGP, and CRP (n = 472), there was no significant impact of the intervention on serum retinol concentration or the prevalence of retinol <0.70 mmol/L when all children in this sample were considered, although the 7.6-percentage point reduction in the prevalence of children with retinol <1.05 mmol/L in IP approached significance (P = 0.09).
A second analysis included only children with complete data on important covariates, including age in months and receipt of a deworming pill or vitamin A supplement in the last 12 mo (n = 396). In this subset, IP was associated with a significant 9.5-percentage point reduction in the prevalence of serum retinol <1.05 mmol/L (P < 0.05) ( Table 4 ). Age and receipt of a deworming pill were among the significant covariates. Among women, there was only a small number with baseline-adjusted serum retinol <1.05 mmol/L (n = 95) and no impact was observed on serum retinol concentration or prevalence of retinol <1.05 mmol/L (Table 4) .
When considering only follow-up data, in the subset of children 3-5 y at baseline with baseline-adjusted serum retinol <1.05 mmol/L and dietary intake data, vitamin A intake from OSP was significantly and positively associated with serum retinol and with a lower prevalence of retinol <1.05 and <0.70 mmol/L ( Table 5 ). In the similarly defined subset of women, vitamin A intake from OSP was significantly associated with a lower prevalence of serum retinol <1.05 mmol/L, but not with serum retinol concentration.
Discussion
This large-scale intervention to introduce OSP to rural Ugandan communities resulted in a significant increase in the dietary 1 Baseline and follow-up data are means 6 SE, adjusted for the cluster (farmer group) and stratification (district) design of the survey. Data are presented for 2 intervention program models and a control group, where farmer group-level intervention components continued for 2 y in IP, 1 y in RP, and were absent in the control. Children 3-5 y at baseline and women were followed longitudinally, with exceptions due to limited attrition and entry into the sample as an eligible participant at follow-up. All individuals in these groups were included in estimating means in each round. Children 6-35 mo were sampled from 2 cross-sectional groups at baseline and follow-up. Labeled baseline means without a common letter differ, P , 0.05. IP, intensive program; OSP, orange sweet potato; RP, reduced program. 2 Net change is the difference-in-difference measure of impact. It is estimated by taking the change in group mean outcomes from baseline to follow-up and calculating the difference in that change between the 2 treatment/control groups. Net change was estimated in a model equivalent to Ordinary Least Squares. To control for correlation in observations for children 3-5 y at baseline and women who appeared in both rounds, net change was also estimated in mixed models controlling for individual random effects; significance levels did not differ between the 2 models. Sample sizes for net change represent the total number of observations on the outcome used to measure the difference in changes over time between groups. 3 Means and impact estimates for children 6-35 mo of age are conditioned on breastfeeding status. Test statistics are t statistics: *P , 0.05, **P , 0.01.
intake of OSP among children and women in farmer group member households. This resulted in a substantial increase in total vitamin A intake from b-carotene in all 3 age groups and a significant decrease in the prevalence of inadequate vitamin A intakes among non-breastfed 12-to 35-mo-old children and women, with similar outcomes in both treatment groups. Although no change in mean serum retinol was observed among women, among children with low serum retinol at baseline, there was a positive association between vitamin A intakes from OSP and vitamin A status at follow-up and a positive intervention impact on vitamin A status among children with complete data on important control variables. This large-scale effectiveness study indicates that, in a population where sweet potato is a major staple food, rural farming households were willing to substitute one-third of their usual sweet potato intake with OSP. Changing the color of a staple food from white to orange could have been met with resistance, but OSP was widely produced and consumed at the household level after 2 y. The acceptability of OSP in this study is consistent with the results of consumer acceptance studies of OSP in this region (31, 32) . At follow-up, OSP provided 44-60% of total vitamin A intakes in the IP and RP groups. This level of substitution was sufficient to increase the vitamin A intakes by all age groups by >100% of the age-specific EAR (24), representing a substantial increase.
Our hypothesis that the longer period of direct contact between extensionists and volunteer promoters and farmer group members in the IP group would result in greater adoption and intake of OSP was not substantiated by the results. This is an important finding with regard to the cost-effectiveness of a largescale program, because the costs of extended community contact are high and may not translate into a greater impact.
This population was characterized by a high prevalence of inadequate vitamin A intake at baseline, which was significantly reduced by the intervention among the non-breastfed children 12-35 mo of age from nearly 50% at baseline to only 12% at A similar impact was observed among women. However, the large increase in vitamin A intakes among children 3-5 y at baseline did not translate to a significant reduction in the prevalence of inadequate intakes. At baseline, the prevalence of inadequacy was lower in this age group than in the other groups (i.e., 24-27% vs. 28-49%), declining to 7-13% across all groups. Thus, most children at follow-up, including in the control group, had adequate vitamin A intakes relative to the EAR. This may be attributed to age-related increases in food intake, resulting in higher mean vitamin A intakes at follow-up across all groups, whereas the theoretical vitamin A dietary requirements increased only for children who crossed over from one EAR age category to the next (i.e., from 1-3 y to 4-8 y) between baseline and follow-up. As a result, the age-related increase in mean vitamin A intakes exceeded the increase in theoretical requirements, resulting in a lower prevalence of inadequate intakes. We did not find an overall impact of the intervention on serum retinol or prevalence of VAD among women. VAD was unexpectedly very low in this population of women (2%) and hence the number of women for whom impact of the intervention was determined was small, resulting in inadequate statistical power. Among children 3-5 y at baseline, the effect of the intervention on reducing the prevalence of serum retinol <1.05 mmol/L approached significance (P < 0.10). There are several factors to consider in interpreting this modest impact among children.
The mean increase in vitamin A RAE intakes was >100% of the age-specific EAR, an amount within the range observed to improve vitamin A status among children in efficacy trials (14, 16, (34) (35) (36) . Smaller scale, controlled, effectiveness studies have also demonstrated a high uptake of OSP (17) or provitamin A-rich fruits and vegetables (37) following relatively intensive interventions. The study introducing OSP to rural households in Mozambique on which the present study was modeled (17) resulted in a significant increase in serum retinol. This was associated with a net mean increase in vitamin A RAE intake equivalent to 176% of the age-specific EAR, which is greater than the relative increase observed in the present study.
The children in Mozambique also had very low nonintervention vitamin A intakes (postintervention control group, 56 mg RAE/d) and a much higher baseline prevalence of VAD compared with the children in Uganda (70-73% vs. 29-30%), which would have increased the likelihood of observing a significant change in vitamin A status in Mozambique.
We observed a very high prevalence of infection (;79%) among children at baseline and follow-up. It was thus not feasible to consider only noninfected individuals in the impact analysis and we therefore controlled for these indicators of infection in the regression models. Nonetheless, the confounding effect of infection occurred at both baseline and follow-up and hence the ability to detect changes in serum retinol concentration between time points may have been greatly reduced. Beyond the acute-phase response, the impact of repeated infections on vitamin A status is not possible to quantify but may be important (38) .
Another challenge in measuring intervention impact in this population was that it may have taken place in the context of a secular trend for improving vitamin A status, particularly among women. Selection of this population was based on the prevalence of VAD (serum retinol <0.70 mmol/L from blood spots) of 27.9% for children 6-59 mo of age and 22.7% for women from a 2000-2001 national survey (8). The 2006 national survey indicated VAD (retinol binding protein from dried blood spots <0.82 mmol/L) prevalences of 20.4 and 3.4% for children and women, respectively (39) . Although different biochemical methods were used, these data suggest a sharp decline in VAD among women and a moderate decline among children. In our 2007 baseline survey, we also observed a very low prevalence of VAD among women (2%) but higher rates among children (27-30%) . By follow-up, this was only 16-20% among children aged 5-7 y regardless of the intervention.
The apparent secular decline in VAD coincided with the time that vitamin A fortification of vegetable oil and fats expanded, after introduction in 2004 (11) , and with an increase in reported coverage of vitamin A supplementation. We estimated fortified vegetable oil and fat to provide only 4-9% of total vitamin A. The reported coverage rates for vitamin A supplementation among children 6-59 mo of age were low in the national surveys for 2000-2001 (38%) and 2006 (36%) (8,39) and reached 67% in 2008 (9) . Although children >5 y of age are no longer eligible to receive high-dose vitamin A supplements during Child Health FIGURE 1 Effect of an intervention to introduce OSP in rural Uganda on the prevalence of inadequate vitamin A intakes among children and women. Data are mean prevalence of inadequate intakes of vitamin A RAE at baseline and follow-up for cross-sectional studies of nonbreastfed children 12-35 mo of age and longitudinal cohorts of children 3-5 y of age at baseline and women. Data are presented for 2 intervention models, where farmer group-level intervention components continued for 2 y in the IP group and 1 y in the RP group, while area widelevel intervention components continued for 2 y in both the IP and RP groups. For IP, RP, and control at baseline, the number of observations are: non-breastfed children 12-35 mo, 90, 61, and 86; children 3-5 y at baseline, 218, 143, and 219; and women, 219, 143, and 214, respectively. For IP, RP, and control groups at follow-up, the number of observations are: non-breastfed children 12-35 mo, 96, 63, and 93; children 3-5 y at baseline, 194, 124, and 180; and women, 220, 146, and 219, respectively. Error bars indicate 95% CI. Comparisons are for net change, estimated by taking the change in group mean outcomes from baseline to follow-up and calculating the difference in that change between the IP or RP and control groups between baseline and follow-up: **P , 0.01. IP, intensive program; OSP, orange sweet potato; RAE, retinol activity equivalent; RP, reduced program. Week in Uganda, ;70% of the children 5-7 y old at follow-up in our study reportedly received a vitamin A supplement during Child Health Week~4 mo before the follow-up survey. Continued dosing with vitamin A may have reduced the sensitivity to detect the impact of the intervention. Despite these many challenges, we did find that at follow-up, vitamin A intake from OSP was a significant, positive predictor of vitamin A status and that the prevalence of serum retinol <1.05 mmol/L was reduced by 9.5 percentage points (P < 0.05) among the subset of children with complete data for important confounding factors. Collectively, these results provide support for the contribution of OSP to improving vitamin A status, while highlighting the challenges in establishing biological impact from programs in the context of a changing nutritional landscape.
Sweet potato is a seasonal crop and therefore this intervention would not provide the same amount of additional vitamin A throughout the entire year. However, in these communities, sweet potato is harvested 2-3 times/y and OSP would be available for~9-10 mo/y. The increase in vitamin A intake cannot necessarily be extrapolated to non-farmer group member households. Individuals engaged in social and learning groups may be more highly motivated with a greater capacity for farm production. Additional surveys are underway to measure the diffusion of OSP to non-farmer group member households.
In conclusion, a large-scale intervention to introduce OSP to farmer group member households in Uganda resulted in the incorporation of OSP into the diets of women and children and a large increase in vitamin A intake. We observed evidence for a significant contribution of the intervention to improved vitamin A status among children at greatest risk of VAD. b-Carotenerich OSP introduced in a population where sweet potato is an important staple food can be an important part of food-based strategies to minimize the risk of dietary VAD. 
